A maximum in-plane strain of -14.5% can be obtained if set the supercell with pure Phase 1 as the reference state (black line). If taken the supercell with pure Phase 2 as a reference (red line), a maximum in-plane strain of 17% can be obtained. Although the maximum recoverable strain is identical to the four-unit supercells, a larger supercell can be programmed into more temporary shapes and thus more recoverable strain outputs.
Supplementary Figure 8:
A comparison of actuation performance between conventional actuation materials and two-dimensional shape memory C8O. The specific modulus (ratio of elastic modulus over density) and maximum recoverable elastic strain are two key performance parameters. The performances of common materials (including SMMs highlighted in yellow) are adapted from Supplementary Ref. 2 and 3. An actuation material with a high maximum elastic strain usually has a small specific modulus. The red dashed line denotes the upper bound for conventional actuation materials. Two major shape memory materials, shape memory alloy and shape memory polymer, are noted as SMA and SMP in this figure, respectively. Martensite-austensite phase transformation is the underlying mechanism for SMA and shape memory effect of SMP is originate from glass transition between a hard to a soft phase. Blue stars represent the Phase 1 and Phase 2 of the shape memory C8O. The calculated recoverable strain and specific modulus is 14.5% and 4.3 GPa•cm 3 •g -1 , respectively. This suggests that these molecules have nearly no effect on the phase stability of P2 C8O.
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Supplementary Figure 11:
Examining influences of a substrate. A layer of graphene nanoribbon was placed underneath C8O GO crystals as a substrate in this simulation. Its edges were terminated by hydrogen atoms. Crystal structure and partial charge density (within the energy range from -1.0 to 0.0 eV with reference to EF) of fully relaxed P1-C8O (a) and P2-C8O (b) with an identical graphene substrate. The calculated total energy of P1/P2-C8O GO crystals on graphene substrate are -250.359 and -250.350 eV, respectively. Under an E-field of 0.3 eV per Å, the total energy values change to -250.428 and -250.626 eV, respectively. The P2-C8O crystal on substrate becomes energetically more stable (phase transformation can be triggered even C8O GO crystals are transformed onto a substrate). The swap of energetic order caused by E-field suggests the P1 to P2 phase transition should take place.
Supplementary Figure 12:
Bi-stable phases of bilayer C8O GO. Partial charge density of fully relaxed P1-bilayer-C8O (a) and P2-bilayer-C8O GO (b) within the energy range from -1.0 to 0.0 eV with reference to EF. The lattice constant a is found to be 18.4 and 17.2Å, respectively. The calculated total energy of these two stable phases are -314.977 and -314.849 eV (that is total energy difference of 128 meV). The maximum recoverable strain is about 6.5%.
Supplementary Figure 13:
Stable co-existence of C4O and C8O GO mixtures. Structural configurations and partial charge density of fully relaxed phase 2 (a) and phase 1 (b) of C8O GO mixed with C4O GO within the energy range from -1.0 to 0.0 eV with reference to EF. The mixture ratio is 1:1 (i.e. P1-C8O/C4O and P2-C8O/C4O). The C-O-C angle and partial charge density results indicate that the first structure consist of one C8O P1 unit and one C4O P1 unit. The second structure consists of one C8O P2 unit and one C4O P1 unit. P1-C8O/C4O crystal is more stable at zero E-field, the calculated total energy of P1 and P2-C8O/C4O crystal is -241.002 and -240.867 eV, respectively. At E-field of 0.3 eV per Å, the corresponding total energy values are -241.044 and -241.108 and eV, which suggests that P2-C8O/C4O crystal becomes energetically more stable (that is phase transformation from P1 to P2) upon an appropriate external electric field.
Supplementary Figure 14
: Phase 1 and phase 2 C8O GO supercells with oxygen vacancy defects by removing one oxygen atom from the epoxy line. One oxygen atom is removed at site 3 in the P1 supercells (a) and P2 supercells (b). The perfect epoxy line length is measured by the length between site 1 and site 2. Note that the lattice constant a for perfect P1&P2-C8O GO is 18.384 and 15.718 Å.
(c) and (e) Partial charge density results of P1-C8O 1x5 and 1x9 supercells (within the energy range from -1.0 to 0.0 eV with reference to EF), respectively. It appears like that a sp 2 carbon-carbon bond forms at site 3 upon removal of the oxygen atom (i.e. the defect rate of 20% and 11%). The fully relaxed lattice constant a is 17.934 and 18.223 Å, respectively. (d) and (f) Partial charge density results of P2 1x5 and 1x9 supercells (within the energy range from -1.0 to 0.0 eV with reference to EF), respectively. The signature lp-π orbital charge density can be seen beyond the first nearest neighbour of defect. The fully relaxed lattice constant a is 15.374 and 15.510 Å, respectively. The crystal structure and partial charge density results indicate that this defect only affect the structure locally and it almost has no effects as long as concentration lower than 20% (the length of perfect epoxy line equals or larger than 9.9 Å). The length of perfect epoxy line is measured to be 9.9 or 17.723 Å for these two different size supercells. respectively. The signature lp-π orbital charge density can be seen beyond the first nearest neighbour of defect. The crystal structure and partial charge density results indicate that this defect only affect the structure locally and it almost has no effects as long as concentration lower than 20% (the length of perfect epoxy line equals or larger than 9.9 Å). The length of perfect epoxy line is measured to be 9.9 and 17.723 Å for these two different size supercells. Supplementary Figure 2 (c,  d) ). The isosurface value is in unit of electron per bohr.  Isolated sp 2 lone pair of oxygen within the C-O-C plane.  Weak sp 2 orbitals of carbon atoms interact with each other to form C-C bond.
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Energy level region 3:
 Isolated py lone pair of oxygen perpendicular to the C-O-C plane.  bond of carbon atoms.
Energy level region 4:
 Phase 1 -Isolated sp 2 lone pair of oxygen and orbitals of carbon atoms.  Phase 2 -sp 2 lone pair of oxygen interacts with orbitals of its neighbouring carbon atoms.
Supplementary Note 2: Evidences of Phase 3 for C8O and C4O at E-field of 0.3 eV per Å.
For C8O (Supplementary Figure 5a and 5b), the DOS of P3 suggests that there is a clear band gap near the EF, which is different from the DOS results of P1 and P2 as shown in Supplementary Figure  2a and 2b. The PDOS and partial charge density of P3 also indicates an entirely different electronic structure in comparison to P1 and P2 shown in Fig. 1d and 1e . It is worth to point out that P3 only exists under E-fields. When a sufficiently large E-field is applied to the crystal, it seems that the grey shaded electrons peak of oxygen-bonded carbon atom in P1 shifted to the right and became empty * electrons above EF. The * electrons of oxygen-boned carbon atoms is then found to overlap with sp 2 lp* of oxygen atom in the LUMO region as long as E > 0.2 eV per Å. Different from both P1 and P2, Supplementary Figure 5e reveals that oxygen atom of P3 has strong py orbital in the HOMO region.
Similarly, the DOS, PDOS and partial charge density results (Supplementary Figure 5c, 5d and 5f ) also suggest the existence of P3 for C4O upon the applied E-field.
Supplementary Note 3: Total energy vs. displacement of the mid-point of a (C8O)4 supercell with P1/P2 ratio of 2:2.
This section is devoted to prove feasibility of the two-way actuator design in the main text. In Fig.  6 , we propose that the E-field induced contraction of P1 could generate adequate mechanical force to stretch P2 and trigger phase transition from P2 to P1 simultaneously. In DFT simulations, it is impossible to apply local E-field to one portion of a supercell. Therefore, a theoretical model is presented here.
As shown in Supplementary Figure 9 , the supercell (C8O)4 includes P1 and P2 segments. Total energy of the whole system should be a summation of the total energy of both segments and the interface energy. By assuming an E-field strength of 0.5 eV per Å is locally applied to the P1 segment, the energy of P1 segment as a function of its length shrinkage d (i.e., displacement of the interface) is shown in Supplementary Figure 9b , which is obtained by a separated DFT calculation of a (C8O)2 supercell including only P1 under an E-field strength of 0.5 eV per Å. The total energy of the P2 segment as a function of d can be obtained from Fig. 1b . Note that the result in Fig. 1b is for C8O unit cell, whereas the P2 segment of supercell in Supplementary Figure 9 includes two C8O units. Thus, the total energy in Fig. 1b should be doubled to obtain the results in Supplementary Figure 9b . Adding these two curves in Supplementary Figure 9b together, we should obtain total energy of the whole system as a function of d. Here the interface energy is assumed a constant and it will not change the trend of total energy vs. d relation. The energy monotonously decreases with the increase of d, indicating that the motion of mid-point should spontaneously happen. There is no energy barrier to prevent the phase transition from P2 to P1. In others words, by applying an E-field locally to the P1 segment, the resultant phase transition from P1 to P2 can supply sufficient mechanical force to trigger simultaneous phase transition from P2 to P1 of the P2 segment.
Supplementary Note 4: Substrate effects on shape memory properties.
Supplementary Figure 11 shows the supercells including P1 and P2 phases of C8O and a graphene ribbon substrate. After fully relaxation in DFT calculation, both structure are stable. The lattice constant values are 17.8 and 15.6 Å, which are very close to the P1 and P2 of C8O. The partial charge also reveals negligible difference. The total energy of these two cases are -250.359 and -250.350 eV, respectively. A single point calculation under an external E-field of 0.3 eV per Å yield their total energy values of -250.428 eV and -250.626 eV, respectively. The energetic order is swapped. This calculation confirms that phase transition between P1 and P2 of C8O crystals with substrate can be triggered by the external electric field and thus leads to the shape memory effect.
Supplementary Note 5: Influence of defects on the epoxy lines.
To examine the influences of defects such as oxygen vacancy and redundant oxygen adatom on the structure stability, supercells of P1 and P2 C8O with size of 1x5, 1x7, and 1x9 were created. They were fully relaxed in our DFT calculations. Supplementary Figure 14 and 15 show the relaxed crystal structure for the 1x5 and 1x9 cases. Note that the 1x7 supercells have very similar results to those of 1x9 cases. Supplementary Figure 14 and 15 (a and b) shows the top view of the 1x5 supercells, in which the position and configuration of the two types of defects are depicted. Supplementary Figure  14 shows that by removing one oxygen atom in the P2 supercell a C-C bond is formed (bond length approximately 1.43 Å), whereas the C-C bond is elongated to 1.45 Å in the P1 supercell. For the oxygen redundant case, the P2 supercell has an epoxy pair, while a carboxyl pair is formed in P1 supercell. Supplementary Figure 14 and 15 (c-f) summarises the partial charge density of P1 and P2 supercells. Clearly beyond the first nearest neighbour of the defect, the partial charge profiles of the C-O-C angles share the similar features to the perfect P1 and P2 phases. The lattice constants of the supercells, which are listed in the caption of Supplementary Figure 14 and Figure 15 , are becoming closer to those of perfect P1 and P2 unit cells along x-axis with the reduction of defect concentration, the difference within 1% at defect concentration of 11%. Note that smaller supercells of 1x3 were also tested and we found the P1 phase is not stable in the oxygen vacancy case. Therefore, we can conclude that these two typical defects have limited effects on the structural stability of P1 and P2 at a defect density smaller than 20%.
